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Open access under the ElA three-year (2006–2008) survey on commercial wheat grain was conducted aimed at quantifying the
intensity of Fusarium head blight epidemics related to kernel quality and levels of deoxynivalenol (DON)
and nivalenol (NIV). Grain samples, obtained from 38 municipalities throughout the state of Rio Grande
do Sul, Brazil, were assessed visually for Fusarium-damaged kernels (FDK) and chemically using liquid
chromatography–mass spectrometry (LC–MS/MS). Overall FDK mean levels were 15.5%, not differing
among the years. Co-contamination was predominant (59/66) across samples and overall mean levels of
DON and NIV were 540 and 337 lg/kg, respectively. When the levels of both mycotoxins were added
together (DON + NIV), a higher correlationwith FDKwas found (R = 0.36, P < 0.01), compared to single toxin
data. For the ﬁrst time, the presence of NIV in levels comparable to DON is reported from a multi-year
regional epidemiological survey in the country which should be of concern to the small grains industry.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Fusarium head blight (FHB) is a fungal disease of increasing
signiﬁcance for small-grain crops worldwide (McMullen, Jones, &
Gallemberg, 1997). It is mainly caused by members of the Fusarium
graminearum species complex (Fg complex) (teleomorph:
Gibberella zeae) (Goswami & Kistler, 2004). FHB inoculum survives
in crop debris and infects wheat crops from ﬂowering to grain
ﬁlling stages when weather conditions are favourable (McMullen
et al., 1997). Even though yield losses are associated with reduced
kernel plumpness and weight, the fungus produces mycotoxins
that may accumulate to unacceptable levels, making harvested
grain and their by-products unsuitable for human and animal
consumption (Creppy, 2002). Current integrated management
practices include crop rotations, resistant wheat varieties and
fungicide applications that help to prevent and/or reduce fungal
infection and subsequent mycotoxin production (Edwards, 2004).
Increasing awareness of Fusarium mycotoxins, especially those
from the trichothecene group, such as deoxynivalenol (DON),
occurred in recent years with the resurgence and consideration
of FHB as a major threat to food security (Goswami & Kistler,
2004; van Egmond, Schothorst, & Jonker, 2007). The World Health
Organization (WHO) regards DON as teratogen, neurotoxin, and
immunosuppressant and trichothecenes in general have beeneral do Rio Grande do Sul, Av.
zil. Tel.: +55 (51) 3308 6908.
el Ponte).
sevier OA license.associated with chronic and fatal intoxication of humans and
animals through consumption of contaminated food and feed
(Rotter, Prelusky, & Pestka, 1996). Hence, urgent measures such
as continuous monitoring and regulation of maximum mycotoxin
levels in food products and commodities have been set in several
countries (van Egmond et al., 2007).
Surveys on Fusarium mycotoxins in small-grain cereals and
their by-products are frequently conducted in the major
production regions of the world such as North America and Europe
(Creppy, 2002; van Egmond et al., 2007). Conversely, information
in South America is relatively scarce and previous evidence had
placed DON as the main Fusarium toxin detected in wheat and
by-products in Argentina (Dalcero, Torres, Etcheverry, Chulze, &
Varsavsky, 1997; Lori, Sisterna, Haidukowski, & Rizzo, 2003) and
Uruguay (Piñeiro, Dawson, & Costarrica, 1996). In Brazil, current
information also places DON as the main target toxin in
analyses of commercial wheat grain, ﬂour and by-products
(Calori-Domingues et al., 2007; Furlong, Soares, Lasca, & Kohara,
1995; Malmann, Dilkin, Mürman, Dilkin, & Almeida, 2003).
Although risk factors related to environment and host genotype
are known for playing a role in determining mycotoxin accumula-
tion in grains, genetic proﬁle of the regional populations, especially
the type of toxin produced by the fungus (fungal chemotype), is
critical for assessing the regional risk of Fusarium mycotoxins in
the food chain (Goswami & Kistler, 2004; Ward et al., 2008). Strains
of the Fg complex affecting wheat produce trichothecenes in larger
quantities among the range of mycotoxins produced, especially the
type-B trichothecenes such as nivalenol (NIV) and deoxynivalenol
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(3ADON) and 15-acetyl-DON (15ADON). DON was recognized as
a virulence factor during pathogenesis (Desjardins et al., 1996)
and differences between 15ADON and 3ADON chemotypes in
relation to aggressiveness and overall DON production have been
recently demonstrated (Puri & Zhong, 2010).
Molecular surveillance using polymerase chain reaction (PCR)
analysis for genotyping Fg strains as a predictor of the fungal
chemotype is contributing considerably to increase knowledge on
the distribution of DON and NIV genotypes within Fg complex
populations around the world (Ward et al., 2008). In the whole
world, and especially in South America, the most prevalent Fg
trichothecene genotype is a DON-producer, 15ADON, although
NIV and 3ADON genotypes have been also found in the region
(Alvarez, Azcarate, & Pinto, 2009; Astolﬁ, dos Santos, et al., 2011;
Pereyra, Vero, Garmendia, Cabrera, & Pianzolla, 2006; Pinto,
Terminiello, Basilico, & Ritieni, 2008; Ramirez, Reynoso, Farnochi,
& Chulze, 2006; Scoz et al., 2009). Around the world, NIV genotypes
of the Fg complex are most commonly found, and eventually in
higher prevalence than DON, in Asia (Suga, Karugia, Ward, & Gale,
2008; Zhang et al., 2007).
The co-occurrence of NIV and DON mycotoxins in commercial
wheat produced in southern Brazil was hypothesized in this study
based on our previous identiﬁcation of NIV genotypes in a
considerable number of Fg strains from different years, locations
and hosts (Astolﬁ, Reynoso, et al., 2011; Scoz et al., 2009). The
objectives of this study were: (1) to conduct a large-scale sampling
of commercial wheat grain from a major production region in
southern Brazil, and (2) to quantify the prevalence and intensity
of FHB epidemics related to kernel quality and DON and NIV
concentrations in commercial wheat grain.2. Materials and methods
2.1. Survey area and sampling
Commercial wheat grain samples (500 g) from several crop
varieties commonly grown by farmers in the region were obtained
after harvesting operations. Information on wheat varieties,
cropping practices, fungicide use and other agronomic factors
was not available; only the municipality of origin for each sample
was available. Surveyed ﬁelds were chosen randomly by a network
of collaborators located across the major production regions in the
northern portion of the state of Rio Grande do Sul where wheat is
mostly grown. The survey was conducted during the 2006–2008
period and a total number of 66 samples were received and
originated from 38 municipalities across the state. Grain samples
received were identiﬁed and stored in the freezer (5 C) until
analysis.
In the majority (28/38) of the municipalities where samples
were obtained in the three-year survey period (2006–2008) at least
one sample per location was analyzed in one or another year. For
the other 10 municipalities, the number of analyzed samples
ranged from two to four, distributed in different years of the
survey. An exception was one municipality that had 14 samples
analyzed across all years (data not shown).
2.2. Laboratory analyses
Both visual assessment and chemical analyses were performed
in a sub-sample of kernels to assess the impact of FHB on wheat
grain quality. Fusarium-damaged kernel (FDK) is a commonly
at-harvest measure used as an indicator of disease intensity and,
in some cases, predictive of DON in the harvested kernels (Beyer,
Klix, & Verreet, 2007). FDK, determined by inspecting a sub-sampleof 200 kernels, was deﬁned as the proportion of visually scabby
kernels in a sample of harvested grain, e.g. discoloured, shrivelled
or pinkish white kernels.
A liquid chromatography–mass spectrometry (LC–MS/MS)
system was used to simultaneously determine and quantify DON
and NIV in the samples. Stock solutions of DON and NIV standards
(Sigma Chemical Company, USA) were prepared by dissolution in
benzene:acetonitrile (95:5) at a concentration of 100 lg/ml. The
work solution was obtained by dilution to a concentration of 50
and 10 lg/ml, respectively, estimated by the w/v relation and
conﬁrmed by a procedure utilizing molar absorptivity of the
standard. Toxin extraction used 10 g of samples in
acetonitrile:water (70:30), shaken for 30 min. The analytical
interferants were carried out with hexane by liquid–liquid
partition, by drying under reduced pressure and in nitrogen at
30 C. First, it was solubilized with chloroform:methanol (9:1)
and, secondly, in acetonitrile before injection. A Shimadzu High
Performance Liquid Chromatograph with degasser DGU-20A3/
DGU-20A5, system controllers CBM-20A/20Alite and UV–VIS
detector SPD-20A/20AV was used. The manual injection utilized
the loop standard of the 20 ll of volume. The compounds were
detected at k = 220 nm and evaluated by elution in the reverse
phase using column Waters Spherisorb 5 l ODS2 (4.6  150 mm)
with ﬂow rate at 0.6 ml/min in water:acetonitrile (93:7). The
retention time was 1022 and 1837 min for DON and NIV,
respectively. The detection and quantiﬁcation limits were
determined by successive dilutions of the standard solution, until
generating detection signal three and nine times superior to the
standard deviation at the same time of the retention of mycotoxins
when injecting the derivation control. Detection limits were 0.25
and 0.28 lg/g, quantiﬁcation limits were 0.75 and 0.84 lg/g, mean
recovery percentages were 96% and 94% (variation coefﬁcient 3%
and 7%), regression coefﬁcients 0.996 and 0.986, linearity from
0.75 to 15 and 0.84 to 16.8 lg/g, all respectively for DON and NIV.2.3. Statistical analysis
Exploratory and descriptive statistics were used to summarize
and map the occurrence, concentration levels and spatial
distribution of the mycotoxins across the geographic region.
Non-parametric tests (Kruskal–Wallis and Wilcoxon) were used
to compare toxin concentration levels among years and between
toxin types. Spearman rank correlation coefﬁcient analysis, a
non-parametric measure of statistical dependence between two
variables, was performed to assess the association between the
FHB-related variables assessed under the condition of non-
normality of distribution of the data.3. Results
Both DON and NIV were detected and co-occurrence was
predominant across the locations. In most of the locations and
years, DON and NIV co-occurred in the same grain sample.
Whereas DON was found in all but one sample, NIV was found in
57 out of 65 samples. There was only one sample in which NIV
but not DON was found and six samples in which only DON was
detected. Fig. 1 depicts the temporal and spatial distributions of
both toxins across the locations and years.
Overall mean concentration of DON and NIV was 540 and
337 lg/kg, respectively, not differing statistically (P > 0.05). For
DON, only 12 in 64 samples had toxin concentrations exceeding
1000 lg/kg. For NIV, 9 in 54 positive samples had concentrations
ranging from 527 to 781 lg/kg – the maximum NIV level
determined (Fig. 2). A signiﬁcant variation in DON levels was
observed among the years. Higher DON levels were found in
Fig. 1. Geographical location of 38 municipalities in the northern portion of Rio
Grande do Sul State, Brazil, where 65 commercial wheat grain samples (2006 = 23,
2007 = 24, 2008 = 18) were obtained and analyzed for deoxynivalenol (DON) and
nivalenol (NIV).
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maximum DON level was 2740 lg/kg and the highest within-year
variation was observed. For NIV, similar concentration levels were
found across the years (Fig. 2).
As to the impact of FHB epidemics related to kernel damage, the
overall FDK mean was 15.5%. A slight variation was observed
across the years following a similar pattern to toxin levels,
especially for DON, that is, a larger spread of FDK values was alsoFig. 2. Number of samples in concentration ranges (left panels) and boxplots of the dist
detected in commercial wheat grain samples obtained from 38 municipalities and three-
in numbers across the years (2006 = 23, 2007 = 24, 2008 = 18).observed in samples of year 2007 (Fig. 3). Correlation analysis
showed that DON levels were low but positively correlated
(R = 0.27, P = 0.02) to FDK levels. On the other hand, NIV was not
signiﬁcantly correlated to FDK (R = 0.20, P = 0.14). When levels of
both toxins were combined, a more signiﬁcant correlation was
found between FDK and DON + NIV (R = 0.36, P < 0.01) (Fig. 3).
4. Discussion
Our results constitute the ﬁrst detailed report of the
co-occurrence, concentrations and spatial distribution of two
trichothecenes of major concern and their association with FHB
damage in commercial grain samples from a major wheat-growing
area in Brazil. The FDK levels found in this work are relatively high
compared to levels found in other countries for the same range of
toxin levels found (Beyer et al., 2007). FDK is a subjective and
qualitative assessment in a single kernel, so toxin content can vary
signiﬁcantly across single ‘‘damaged’’ kernels. In our assessment
several samples that showed minimal damage such as
discolouration and mycelium growth were counted as damaged.
A meta-analysis of 163 studies reporting FDK and DON in the
United States has shown that 53% of the variation of DON was
explained by FDK in ﬁeld trials, suggesting that unknown or
unmeasurable factors in typical ﬁeld environments inﬂuence the
relationship between DON and disease (Paul, Lipps, & Madden,
2005). Conversely, in a German study, over 90% of the DON content
in wheat kernels was explained by FDK levels when producing
artiﬁcial lots by combining damaged and healthy kernels in
increasing proportions – the limit of 1250 lg/kg would be reached
with a FDK level of 4.27% in that work (Beyer et al., 2007). Further
reﬁnements of the visual measurement will be required to verify if
FDK can be used as screening to trichothecene levels in Brazil,
which remain unclear.
In spite of the increasing risk and concern about FHB,
monitoring and reporting of the occurrence of Fusarium toxins in
commercial wheat grain and by-products in Brazil were limitedribution (right panels) of toxin levels of deoxynivalenol (DON) and nivalenol (NIV)
years in Rio Grande do Sul State, Brazil. A total of 65 samples were analyzed, varying
Fig. 3. Boxplot for the percentage of Fusarium-damaged kernels (A) in 65 samples (2006 = 23, 2007 = 24, 2008 = 18) and its overall (all years) relationship conditioned to the
trichothecene (DON and NIV) level detected in the sample (B).
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assessments. Previous studies in the country placed DON as the
main target toxin, together with zearalenone, diacetoxyscirpenol,
and T-2 toxins (Calori-Domingues et al., 2007; Furlong et al.,
1995; Malmann et al., 2003). In those, information varied from
qualitative and quantitative due to a variety of analytical methods
which differ in accuracy and detection limits. Interestingly, the
mean DON levels (540 lg/kg) found in our survey were within
the range of mean concentration levels reported in previous
ﬁndings for the region. However, our results differed from other
surveys because DON was found in all but one sample and was
much less prevalent in previous reports. For example, DON levels,
found in 55% of 38 samples of commercial wheat grain produced in
Brazil, ranged from 400 to 590 lg/kg (Furlong et al., 1995). A large
analytical survey conducted between the years 2000 and 2003
showed that approximately 25% of 297 samples of commercial
wheat from southern Brazil were contaminated with DON with
mean and maximum levels of 603 and 8504 lg/kg, respectively
(Malmann et al., 2003). A recent analysis of both national and
imported wheat grains showed 94% (mean DON = 332 lg/kg),
and 88% (mean = 90 lg/kg) of the samples contaminated with
DON, respectively. Although in signiﬁcantly higher levels, only
two national samples showed DON levels exceeding 1250 lg/kg
(Calori-Domingues et al., 2007).
The apparently higher prevalence of DON in studies conducted
in the current decade, including results of this work, may relate
partially to the higher risk of FHB epidemics along the years and
also to its increasing awareness. In the last decades, FHB epidemics
became more frequent likely due to the predominance of no-till
cropping and climate decadal variability in the subtropical
environment of southern Brazilian growing regions (Del Ponte,
Fernandes, Pavan, & Baethgen, 2009). Infection by FHB pathogens
is extremely dependent on speciﬁc environmental conditions that
occur in a relatively narrow susceptible phase of the host
development and so a non-homogeneous pattern of epidemic
intensity and mycotoxin levels is expected on a regional basis
because of different ﬂowering dates, local inocula and weather
conditions (McMullen et al., 1997). Our results update the current
status by showing the predominance of DON from both a
multi-year and geographical perspective, which was not available
in most analytical-oriented studies using random sampling of
commercial grain obtained from storage without knowing the
speciﬁc location where wheat was produced in the country.
Another noteworthy contribution is the ﬁrst report of the
widespread occurrence of NIV in commercial wheat grain insouthern Brazil. Previous report of NIV in Brazilian wheat was
limited to 20 samples from a one-ﬁeld experiment carried out in
1990, with two wheat varieties in the state of São Paulo (Furlong
et al., 1995). While in that study NIV was detected in three samples
(160–400 lg/kg), and DON in four samples (470–590 lg/kg),
F. graminearum was not identiﬁed among the Fusarium species
isolated from the samples.
Natural occurrence of NIV in South America was reported in
wheat grain samples from ﬁelds grown in southwestern Buenos
Aires province of Argentina, during 2001 and 2002 growing
seasons. In that work, contrastingly, only two out of 19 samples
contained NIV in relatively lower concentrations compared to
DON (Pinto et al., 2008). NIV is a common toxin found in other
production regions of the world, especially in Asia, where NIV
genotypes are present and/or predominate over DON types (Suga
et al., 2008; Zhang et al., 2007). In Japan, there have been many
reports of DON and NIV co-contamination in domestic wheat and
barley by-products (Tanaka et al., 2010; Yoshizawa & Jin, 1995)
and both toxins are targets in FHB control studies (Nakajima,
2007). Our ﬁndings place Brazil in a similar situation as in Asia
and other regions, especially because of the toxigenic potential of
the regional fungal populations. The NIV levels found in our work,
although not exceeding 1000 lg/kg, are of great toxicological
signiﬁcance given the higher toxicity of NIV compared to DON.
The lack of detection of NIV in surveys conducted in Brazil may
relate to a number of factors including non-consideration of NIV
as a target toxin, lower frequency of NIV genotypes or lack of
speciﬁc methodology for its detection.
The ﬁnding of NIV in commercial grain links to results of our
molecular surveillance on Fg populations in southern Brazil where
potential NIV-producers (NIV genotypes) were detected together
with the most predominant DON-type (15ADON genotype)
(Astolﬁ, dos Santos, et al., 2011; Astolﬁ, Reynoso, et al., 2011; Scoz
et al., 2009). The relatively high NIV levels found in samples of this
survey compared to a proportionally lower number of NIV-type
strains relative to DON-type, in wheat, suggest that other factors,
such as host genotype, environment, and ﬁeld populations may
play a signiﬁcant role in the production of NIV in the ﬁeld, which
deserves further investigation. In Argentina, although 15ADON
genotypes are most prevalent, a recent molecular survey revealed
the occurrence of NIV genotype with a distinct phylogenetic
species proﬁle (Sampietro et al., 2010), suggesting the need to
increase vigilance to detect movement and changes in the
chemotype distribution, especially because of the proximity to
production regions in Brazil. Further studies will be needed to
E.M. Del Ponte et al. / Food Chemistry 132 (2012) 1087–1091 1091identify agronomic and biological factors related to the variability
in DON and NIV levels in the region.
On a regional basis, the promulgation of regulations and
mycotoxin limits should be based on a number of factors that
include the knowledge of the distribution of mycotoxin levels
within commodities or products and legislation in other countries
with which trade contacts exist (van Egmond et al., 2007).
Therefore, besides providing epidemiological information for risk
assessment and disease management including chemical and
genetic control oriented to minimize both DON and NIV production
from FHB epidemics in Brazil, our results provide critical
information for the eventual promulgation of regulations for
trichothecene limits in cereal grain, as well as alert the
small-grains industry of southern Brazil to the widespread
occurrence of NIV, a mycotoxin of higher toxicity than DON.Acknowledgments
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